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Materials and methods
TALEN design and plasmid construction
All TALEN target sites were identified using the TAL effector-Nucleotide Targeter 2.0 (TALE-NT) program (https://tale-nt.cac.cornell.edu/) (Doyle et al., 2012) . TALENs recognizing the target sites were constructed using Golden Gate method as previously described (Cermak et al., 2011; Zhang et al., 2012) . The Gateway compatible entry plasmid, pZHY013, was used as the intermediate vector to create TALEN expression vectors (Zhang et al., 2012) . This plasmid contained two heterodimeric FokI nuclease domains separated by a T2A translational skipping sequence. TAL arrays in the plasmids pZHY500 and pZHY501 were released by digestion with XbaI/BamHI --one array (left array) was first cloned into pZHY013 as an XbaI/BamHI fragment; the other array (right array) was then cloned into NheI/BglII sites, which had ends compatible with XbaI and BamHI and subcloned into pZHY013 one-by-one (Zhang et al., 2012) . A Gateway LR reaction was performed to clone TALEN coding sequences into the destination vector, pGW3, which was the derivative of pMDC32 (Curtis and Grossniklaus, 2003) by replacing the 35S promoter between HindIII and Acc65I restriction enzyme sites with the maize ubiquitin promoter. Each plasmid also contained a marker gene for hygromycin resistance, which was driven by the 35S promoter of cauliflower mosaic virus.
Protoplast assays
Rice (Oryza sativa L.) cultivar Nipponbare and Brachypodium distachyon genotype Bd21 were used for this study. Ten-to 14-day-old rice green seedlings cultured at 27°C on MS medium with a 16h light (150-200 µmol m -2 s -1 )/ 8h dark cycle were used for rice protoplast isolation; the Brachypodium seedlings were grown under a regime of 16h light /8 h dark at 24°C in a growth room for 3-4weeks before protoplast isolation. The protocols for protoplast isolation and transformation were based on previous work with slight modifications (Yoo et al., 2007; Zhang et al., 2011 and 40-50% for rice and Brachypodium, respectively.
Protoplast cells transformed with TALEN-encoding plasmids were further subjected to a PCR/restriction enzyme-digestion assay to assess TALEN activity. The genomic DNA of protoplasts was extracted and PCR-amplified using primers across TALEN target sites.
The PCR products were both digested by appropriate restriction enzymes and cloned into et al., 2009; Hiei et al., 1994) .
Biolistic transformation
Particle bombardments were performed using a PDS1000/He particle bombardment system (Bio-Rad, Hercules, CA) with a target distance of 6.0 cm from the stopping plate at helium pressure 1100 psi. Plasmid DNAs were mixed at 1:1 molar ratio prior to bombardment. One-month old embryogenic calli (60-80 pieces) of rice cultivar Nipponbare were bombarded using previously reported protocol (Li et al., 1993) .
Mutant plants identification
Genomic DNA from individual hygromycin resistant calli was extracted using DNA Quick Plant System (Tiangen, China). The same PCR/Restriction digestion assays used in the protoplast assays were applied to screen mutant calli. Candidate mutant sequences were further confirmed by sequencing. Bi-allelic mutants were identified by sequencing of PCR products. 
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